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[57] ABSTRACT 
A minimal memory in-circuit digital tester with vector 
memory concentrated in a centralized vector processor 
circuit, eliminating the need for pin memory. The vec 
tor processor circuit memory is partitioned into two 
blocks, a pointer memory and a change list memory. 
Every vector clock cycle has one pointer memory en 
try. The pointer memoryentry is an address for the 
change list memory. The change list memory contains 
lists of nodes used in the vector test sequence. Each 
change list entry contains a pin number and several 
control bits. The control bits de?ne functions such as 
whether the pin will toggle its data or enable state, 
whether there are more pins in that particular change 
list, and whether the list or test has ended. When the 
end of each change list is reached, all pins that have 
been primed by that change list will be toggled. The 
next entry of the pointer memory is then selected 
which, in turn, selects another, or perhaps the same 
change list in the change list memory. Each vector 
within a test vector file corresponds to one entry in the 
pointer memory, however, several different pointers 
can address the same change list. As a result, test vector 
?les of great length can be accommodated using mini 
mal memory. 

16 Claims, 12 Drawing Sheets 
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METHOD AND APPARATUS FOR A MINIMAL 
MEMORY IN-CIRCUIT DIGITAL TESTER 

BACKGROUND OF THE INVENTION 

The invention relates to in-circuit digital testers using 
minimal tester memory. 

In-circuit testers are capable of generating and apply 
ing digital test signals to electrical nodes of a completed 
logic circuit, without isolating or removing the compo 
nents of the circuit from the surrounding components. 
Known in-circuit testers include those presented in U.S. 
Pat. Nos. RE 31,828 and 4,500,993, the disclosures ‘of 
each of which are expressly incorporated herein by 
reference. 
Such in-circuit testers operate by applying electrical 

signals, de?ned by a test vector which includes all tester 
pin states at a particular instant in time, to electrical 
nodes of a circuit under test. The electrical nodes are 
contacted by the tester pins. A vector-oriented test 
exercise is a table or ?le of such states. In printed form, 
vectors are typically organized as lines or rows in a tile 
of text. Some preamble information is normally added 
to this ?le to relate elements of the vectors to pins in the 
tester, electrical nodes in the circuit under test, or leads 
of the component under test. In a ?le of test vectors, 
which together constitute a test exercise, each row of 
the ?le corresponds to the tester pin states of all partici 
pating tester pins during a particular instant in time, and 
each column represents the states of a single tester pin 
for each instant in time throughout the entire test exer 
else. 

A ?le may contain thousands, even hundreds of thou 
sands of vectors, and there may be several hundred 
tester pins in a tester participating. Thus, the vector ?le 
may be extremely large. 
A known method of processing these vector ?les is to 

equip each tester pin with enough memory and logic to 
handle the corresponding column in the vector ?le for 
the entire test sequence. In operation, each tester pin is 
associated with a tester channel and the vector ?le is 
loaded straight into the channel memories, and then the 
test is run under control of a vector clock that steps the 
channel memories from vector to vector within the 
vector ?le. With this “RAM behind the pin” approach, 
memory requirements increase in direct proportion to 
the number of tester pins (columns) and the number of 
vectors (rows) in the vector ?le. In addition, if a chan 
nel is not active during application of a particular test 
vector, the channel memory is not used at all and is 
wasted. 
One approach which has been proposed to conserve 

channel memory is to update the tester pin states only 
when the new pin state is different from the old pin 
state. This approach is disclosed in the above 
referenced U.S. Pat No. 4,500,993 wherein the logic 
states of the individual tester pins are updated (toggled) 
under control of the vector clock only when the next 
logic state is different from the present logic state. Oth 
erwise, the pin state remains unchanged. However, 
even though this approach reduces the amount of chan 
nel memory required for a tester (or, alternatively, al 
lows a tester to run larger test vector ?les), some mem 
ory redundancy remains because the pin toggles re 
quired to change from one vector to the next within the 
test vector ?le may occur identically many times 
throughout the test sequence. 
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2 
While this duplication is not without some advantage, 

in some test applications, for example, the testing of gate 
arrays, programmable logic devices, LSI peripheral 
circuits, and the like such redundancy represents inef? 
cient use of memory. 

SUMMARY OF THE INVENTION 

The present invention addresses the above-noted and 
other drawbacks of the prior art by centralizing all 
memory in a test vector processing circuit and by elimi 
nating channel memory.>Test sequences of great length 
can thus be created since ‘test sequence lengths are not 
constrained by the length of channel memory. Next, the 
memory stores tester pin transitions only, rather than 
actual pin states, which further reduces the amount of 
memory to store a test vector file. Also, memory is 
reused by storing only unique lists of pin changes that 
occur each vector clock cycle, and by using redundant 
change lists during different clock cycles. 

Individual ones of the change lists in the change list 
memory are accessed using address pointers stored in a 
pointer memory. Each vector clock cycle selects one 
pointer memory entry which includes an address 
(pointer) for the change list memory. The change list 
memory contains lists of tester pins used in the vector 
tests. Each change list entry contains a pin number, 
vector sequencer control bits and channel control bits. 

In general, the present invention stores a number of 
change lists, with each entry in each change list includ 
ing change data for a single entry in a test vector ?le, 
with at least one of the stored change lists having more 
than one entry. Then, test vectors are created for appli 
cation to electrical nodes of a circuit under test by se 
quentially selecting individual ones of the change lists in 
a predetermined order. 
During operation, at the beginning of each vector 

clock cycle, a vector sequencer fetches the contents of 
an entry in the pointer memory and also stores re 
sponses from the previous vector clock cycle for later 
analysis. The selected pointer memory entry contains 
the address within the change list memory of the ?rst 
entry in a list of pins that are to be toggled during that 
particular vector clock cycle, i.e., the ?rst entry in a 
change list. The sequencer increments and saves the 
pointer memory address, loads the pointer memory 
contents into a change list address register and retrieves 
the ?rst entry of the selected change list. The sequencer 
then routes the information contained in the ?rst entry 
of the selected change list to the channels and activates 
the indicated channel according to the channel control 
bits in the change list entry. The sequencer also exam 
ines sequencer control bits within the selected change 
list entry, and if the sequencer control bits indicate the 
sequencer should continue, the sequencer increments 
the change list address, fetches the next change list 
entry, and repeats the prime operation. This increment 
and prime cycle continues until the sequencer control 
bits within the selected change list entry indicate the 
end of that particular change list has been reached or ‘ 
that the sequencer should clock and continue. When the 
end of a list is reached or when a list element indicates 
clock and continue, the change list sequencer sends the 
vector clock to the channels. On the vector clock, all 
primed channels change state, and all primes are 
cleared. After sending the vector clock for a clock and 
continue operation, the sequencer continues to fetch 
entries from the same change list. 
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After issuing the vector clock for the end of list, the 
saved incremented pointer memory address is then re 
trieved and used to select the next pointer from the 
pointer memory which results in selection of the ?rst ' 
entry in another, or perhaps the same, change list within 
the change list memory. A new prime cycle then begins. 
The pointer fetch and prime cycles continue until the 
sequencer control bits in the selected change list entry 
indicate an end of test. 

Further data compression may be realized through I 
sharing of change lists by including pointers within the 
pointer memory which point to addresses within the 
change list memory between the beginning and end of a 
stored change list. Then, that change list can be used in 
its entirety by selecting its beginning address, or only a 
part of the change list can be used by selecting ‘an ad 
dress between its beginning and ending addresses. 

In addition, after processing a test vector ?le to pro 
duce pointer and change list memory contents, yet fur 
ther compression can be achieved by reordering the 
entries in the change lists to maximize the occurrence of 
change list sharing. 

Before loading the test vector processing circuit with 
compressed and optimized vector data in the form of 
pointer and change list entries, the pointer and change 
list can be stored on magnetic media such as a disk. Disk 
storage space can be minimized by reordering the 
change lists so that more frequently used change lists 
appear at the beginning of the change list ?le. Then, the 
majority of pointers to the reordered change lists can be 
created without use of a pointer extension word, thus 
minimizing the overall size of the pointer ?le. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a block diagram of a vector processing 
circuit embodying the present invention. 
FIG. 2 is a block diagram of the driver/receiver 

circuit used with FIG. 1. 
FIG. 3 is a schematic diagram of a three-state node 

driver used in FIG. 2. 
FIG. 4 is a block diagram of a portion of the response 

analysis circuit of FIG. 1. 
FIG. 5A the data structure of an entry in the change 

list memory. 
FIG. 5B is the data structure of an entry in the pointer 

memory. 
FIGS. 6A-6D are the data structure of the driver/ 

receiver control bus during different modes of opera 
tion. 
FIGS. 6E and 6F are examples of commands appear 

ing on the driver/receiver control bus. 
FIG. 7 is a ?owchart of the main loop of the micro 

processor in accordance with the present invention. 
FIG. 8 is a flowchart of communications between the 

microprocessor and personal computer, in accordance 
with the present invention. 
FIG. 9 is a ?owchart of test vector compression, in 

accordance with the present invention. 
‘ FIG. 10 is a ?owchart of test vector optimization, in 
accordance with the present invention. 
FIG. 11 is a ?owchart of the loading of test vectors, 

in accordance with the present invention. 
FIG. 12 is a ?owchart of the running of a vector test, 

in accordance with the present invention. 
FIG. 13 is a schematic representation of interaction 

between the pointer and change list memories of the 
present invention during vector processing. 
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DETAILED DESCRIPTION 

In the following disclosure, a bus having multiple 
signal lines is indicated by a line with a slash through it, 
and a single line is indicated by a line without a slash. 
Further, signals are indicated in all capitals, and com 
plemented signals include a bar symbol, for example, 
VECTORCLOCK and its complement VECTOR 
CLOCK. 

Referring to FIG. 1, a test vector processor accord 
ing to the present invention is disclosed. Connected to 
internal communication bus 11 are microprocessor 12, 
vector sequencer 13, computer interface 14, static ran 
dom access memory (RAM) 16, map memory 36, dri 
ver/receiver command control 18, and command gen 
erator 19. Microprocessor 12 is preferably a Motorola 
68000 running with a clock frequency of 10 MHz. The 
operating program for microprocessor 12 is located in 
program memory 21 which is a portion of static RAM 
16. Internal bus 11 includes bi-directional data bus 22 
and address and control bus 23, and is connected 
through computer interface 14 to an appropriately pro 
grammed personal computer (PC) 24, for example, a 
Deskpro 386 computer, available from Compaq. Like 
internal bus 11, computer interface 14 includes a bi 
directional data bus 26 and an address and control bus 
27. The details of the operation of PC 24 are described 
below with reference to FIGS. 7-12. 
At power up, microprocessor 12 is held reset while its 

operating program is loaded from PC 24 through com 
puter interface 14 and internal bus 11, into program 
memory 21. Once the operating program is loaded, PC 
24 releases control of internal bus 11, and microproces 
sor 12 begins execution of the operating program, the 
features and functions of which are described in more 
detail below. One function of microprocessor 12 is to 
arbitrate control of internal bus 11 between micro 
processor 12, vector sequencer 13, and PC 24. Micro 
processor 12 grants bus control through bus master 
control 28. The signal PCMASTER 29 generated by 
bus master control 28 indicates that PC 24 has control of 
bus The signal SEQMASTER 31, generated by bus 
master control 28, indicates that vector sequencer 13 
has control of bus 11. When neither PCMASTER 29 
nor SEQMASTER 31 is active, microprocessor 12 has 
control of bus 11. . 

Vector sequencer 13 is preferably constructed from 
29ll-type sequencers available from Advanced Micro 
Devices, which are 4-bit bit-slice sequencers including 
internal storage, auto-increment, internal stack mem 
ory, and an internal data register. 

Static RAM 16 is preferably one megabyte, built from 
64K X4-bit devices, although other sizes and construc 
tions could also be used. Static RAM 16 is dynamically 
partitioned into program memory 21, change list mem 
ory 32 and pointer memory 33, the functions and inter 
actions of which are described in more detail below. 

Internal bus 11 is routed through driver/receiver 
command control 18 to driver/receiver control bus 34 
which, in turn, is connected via a back plane to individ 
ual driver/receiver circuits (FIG. 2). All driver/ 
receiver instructions appear on driver/receiver control 
bus 34, with the structure shown in FIG. 6, described in 
more detail below. The mapping by driver/receiver 
command control 18 of internal bus 11 onto driver/ 
receiver control bus 34 differs depending upon the ac 
tive bus master. The speci?c mappings are also shown 
in FIG. 6. 



5,321,701 
5 

Both internal bus 11 and driver/receiver control bus 
34 are connected to response map memory 36. Map 
memory 36 responds to driver/receiver control bus 34 
when vector sequencer 13 is bus master, and responds 
to internal bus 11 at other times. lntemal bus 11 is used 
to load data into map memory 36. When vector se 
quencer 13 is bus master, the data in map memory 36 
converts data on driver/receiver control bus 34 into 
expected response controls which appear on bus 37 for 
application to response analysis circuit 38, described in ' 
greater detail with respect to FIG. 4. 

Response analysis circuit 38 has six separate and iden 
tical channels, each channel including three sections: 
flip-flop section 39, compare section 41 and register 
section 42. In ?ip-?op section 39 of response analysis 
circuit 38, expected responses are primed under control 
of map memory 36, and toggled under control of the 
VECTORCLOCK signal generated by vector sequencer 
13 On line 43. Responses are collected from selected 
driver/receivers on response bus 44. These actual re 
sponses are applied to comparator section 41 of re 
sponse analysis circuit 38, along with the expected data 
from ?ip-flop section 39. Under control of the SE 
LECTCOMPARE signal on line 46, the results of the 
comparison, or the actual response data, are latched in 
register section 42 by the MEASURECLOCK signal 
appearing on line 47 which is delayed from the V—EC 
TORCLOCK signal by counter 48. The actual response 
or comparison data stored in register section 42 appears 
on bus 22 of internal bus 11 and can be stored in the 
high-order bits of the pointers stored in pointer memory 
33. These high-order bits can be accessed by micro 
processor 12 through internal bus 11, or by PC 24 
through computer interface 14 and internal bus 11 for 
further analysis. 

Referring now to FIG. 2, the driver/receiver chan 
nels used in the present invention are disclosed. Each 
driver/receiver channel includes decoding circuits 49, 
51 and 52, reed relay matrix 53, response decoder 54 and 
driver circuit 56. Each driver circuit 56 is identical, and 
includes two pairs of prime/toggle ?ip-?ops, one pair 
(57, 58) being devoted to the data function of the driver, 
and the other pair (59, 61) being devoted to the enable 
function of the driver. Also included in the driver cir 
cuit are two NOR gates 62 and 63, and three-state pin 
driver 64. 

In the preferred embodiment, 2048 driver/receiver 
channels and 2048 tester pins are used. In other words, 
each test vector in the vector ?le can be up to 2048 bits 
wide. Although this is the preferred maximum width for 
the test vector, it will be understood that addition or 
elimination of driver/receiver channels would be a 
simple matter, and that test vectors of any width can be 
used. In addition, it will be understood that the number 
of driver/receiver channels may or may not be equal to 
the number of pins. For example, a single driver/ 
receiver channel can be multiplexed to control a num 
ber of pins. 
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In each driver circuit 56, the ?rst flip-flop, 57, 59 of 60 
each pair is an D-type ?ip-?op which the test vector 
processor of FIG. 1 can address and reset individually. 
Flip-?ops 57 and 59 are referred to as prime flip-flops, 
and the act of clearing a prime ?ip-?op is termed herein 
a priming operation. The second flip-?op 58, 61, of each 
pair is a JK-type ?ip-flop con?gured to operate as a 
toggle ?ip-?op when the corresponding prime ?ip-?op 
is cleared, and to hold the current state when the corre 
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sponding prime ?ip-?op is set. Flip-?ops 58 and 61 are 
referred to as toggle ?ip-?ops. 
One function of the operating program of micro 

processor 12 of FIG. 1 is to generate the ALLCLEAR 
signal on line 66 through driver/receiver control bus 34 
and channel decode circuit 52. In the data portion of 
driver circuit 56, the complemented inputs of NOR gate 
62 are connected to the ALLCLEAR signal on line 66, 
and to the VECTORCLOCK signal on line 43. The 
output of NOR gate 62 is connected to the clock input 
of prime ?ip-?op 57. The data input of prime ?ip-?op 
57 is connected to a logic one. The signal DPRIME on 
line 67 is decoded from driver/receiver control bus 34 
by data decode circuit 19, and drives the clear input of 
prime ?ip-?op 57. The Q output of prime ?ip-?op 57 is 
connected to both J and K inputs of toggle ?ip-?op 58. 
The complemented clear input of to le fli -flop 58 is 
connected to line 66 to receive the ALLCLEAR signal. 
The complemented clock input of toggle flip-?op 58 is 
connected to line 43 to receive the VECTORCLOCK 
signal. The Q output of toggle flip~?0p 58 is applied to 
the data input of three-state driver 64. 

Similarly, in the enable portion of driver circuit 56, 
the complemented inputs of NOR gate 63 are connected 
to the ALLCLEAR signal on line 66 and the VECTOR 
CLOCK signal on line 43. The output of NOR gate 63 
is connected to the clock input of prime ?ip-?op 59. 
The data input of prime ?ip-?op 59 is tied to a logic one. 
The signal EPRIME on line 68 is decoded from dri 
ver/receiver control bus 34 by enable decode circuit 51, 
and drives the clear input of prime ?ip—?0p 59. The 6 
output of prime ?ip-?op 59 is connected to both J and K 
of toggle ?ip-?op 61. The complemented clock input of 
toggle ?ip-?op 61 is connected to line 43 to receive the 
VECTORCLOCK signal. The complemented clear 
input of toggle flip-flop 61 is connected to line 66 to 
receive the ALLCLEAR signal. The Q output of toggle 
?ip-?op 61 is applied to the enable input of three-state 
driver 64. 
Data decode circuit 49, connected to driver/receiver 

control bus 34, operates to decode pin addresses and 
instructions appearing on bus 34. If the pin address 
matches the address appearing on bus 34, and the in 
struction is a prime instruction with the DATA bit set, 
data decode circuit 49 activates the DPRIME signal to 
clear ?ip-?op 57, thereby priming ?ip-flop 57. 

Similarly, enable decode circuit 51, connected to 
driver/receiver control bus 34, operates to decode pin 
address and instruction data appearing on bus 34. If the 
pin address matches the address appearing on bus 34, 
and the instruction is a prime instruction with the EN 
ABLE bit set, enable decode circuit 51 activates the 
EPRIME signal to clear ?ip-flop 59, thereby priming 
?ip-?op 59. 

After completion of the priming operation for all pins 
that are to be toggled to generate a particular test vec 
tor, vector sequencer 13 (FIG. 1) issues the VECTOR 
CLOCK signal, and every toggle ?ip-?op whose re 
spective prime ?ip-?op has been cleared (primed) 
changes state. Conversely, every toggle flip-?op whose 
respective prime ?ip-?op has not been cleared _(ngt 
primed) does not change state. Generation of the VEC 
TORCLOCK signal also clocks all prime ?ip-flops, 
thereby deactivating them. 
The output of three-state node driver 64 is applied to 

reed relay matrix 53 for selective connection to test pin 
69. Test pin 69 is connected, through a spring-loaded 
probe or the like, to an electrical node of a device under 
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test (not shown). Reed relay matrix 53 is controlled 
from driver/receiver control bus 34 in a known manner. 
By selectively opening and closing reed switches 
K1-K4, test pin 69 can be connected to the output of 
three-state driver 64, or to any of the three response 
lines 71, 72 or 73. Thus, by controlling reed relay matrix 
53, pin 69 can be used as a stimulus pin, a response pin, 
or both. Response lines 71, 72 and 73 are applied to 
response decoder 54 for application to response bus 44. 
In the preferred embodiment, up to six pins can be used ' 
for measurement during each vector cycle. If more than 
six responses are required for a particular test vector, 
multiple passes are used. In those instances where multi 
ple passes are used, the pass/fail latch is examined, re‘ 
sponse relays are set and cleared, and map memory 36 is 
reprogrammed for each set of response pins. (Also see 
FIG. 4.) In some instances, the responses stored in the 
high order bits of pointer memory 33 are also examined 
between passes. (Other than for examination, pointer 
memory 33 and change list memory 32 are unchanged 
for each pass.) 

Referring to FIG. 3, the details of three-state node 
driver 64 are presented. As noted above with respect to 
FIG. 2, the inputs to three-state node driver 64 are the 
Q output of data toggle ?ip-flop 58, and the Q output of 
enable toggle ?ip-?op 61. The output of data toggle 
?ip-?op 58 is applied to one input of NAND gate 74, 
and to the inverting input of AND gate 76. The output 
of enable toggle ?ip-?op 61 is applied as an input to 
NAND gate 74 and as an input to AND gate 76. The 
output of NAND gate 74 is applied through resistor 77 
to the base of PNP transistor 78, and the output of AND 
gate 76 is applied, through resistor 79, to the base of 
NPN transistor 81. The emitter of transistor 78 is con 
nected to an appropriate voltage source, for example 5 
Volts, and the emitter of transistor 81 is grounded. The 
collectors of transistors 78 and 81 are common and 
provide the output of three-state node driver 64. 
One channel of response analysis circuit 38 of FIG. 1 

is shown in detail in FIG. 4, and is con?gured somewhat 
similar to the individual driver/receiver channels 
shown in FIG. 2. Each of the six responses appearing on 
response bus 44 is tested by one of six identical channels 
of response analysis circuit 38. Map memory 36 is 
loaded by PC 24 through bus 11 prior to a vector burst. 
During the vector burst, map memory 36 controls all 
channels of response analysis circuit 38, and includes 
storage portion 82 which is addressed by pin address 
bits 83 of driver/receiver control bus 34, and which is 
enabled by MEASURE bit 84 of driver/receiver con 
trol bus 34. When enabled by MEASURE bit 84, stor 
age portion 82 of map memory 36 translates pin address 
83 onto response select bus 86. The bit pattern of re 
sponse select bus 86 selects one of the six channels in 
response analysis circuit 38. Any pin address not in the 
present response map produces a no-channel select 
code. Response select bus 86 and instruction portion 87 
of driver/receiver control bus 34 drive the inputs of 
decoding logic circuits 88 and 89. 

If response select bus 86 indicates an active response 
channel, and instruction portion 87 indicates a prime 
instruction with the DATA bit set, data decode circuit 
88 activates the DPRIME signal in bus 91 for the appro 
priate response channel. If response select bus 86 de 
codes an active response channel, and instruction por 
tion 87 indicates a prime instruction with the ENABLE 
bit set, enable decode circuit 89 activates the EPRIME 
in bus 91 for the appropriate response channel. 
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Each of the six response channels is identically con 

structed and includes an expected response section 39, a 
response compare section 41, and a register section 42. 
Expected response section 39 is constructed identical 

to driver circuit 56 of FIG. 2. Each expected response 
section 39 includes two pairs of ?ip-?ops, one pair (92, 
93) being dedicated to the data function of the response, 
and the other pair (94, 96) being dedicated to the enable” 
function of the response. Each expected response cir 
cuit also includes NOR gates 97 and 98. Prime ?ip-?ops 
92 and 94 are each D-type ?ip-?ops, and toggle tlip 
?ops 93 and 96 are each JK-type ?ip-?ops. 
The inverted inputs of NOR gate 97 are connected to 

the ALLCLEAR signal on line 99 which is decoded 
from driver/receiver control bus 34 by channel decode 
circuit 90, and connected to the VEGT ORCLOCK sig 
nal on line 43. The output of NOR gate 97 is connected 
to the clock input of prime ?ip-?op 92. The data input 
of prime ?ip-?op 92 is tied to a logic one. The signal 
DPRIME on line 99 is one of the six DPRIME lines of 
bus 91 and is decoded from driver/receiver control bus 
34 and storage portion 82 by data decode circuit 88, and 
is connected to the clear input of prime ?ip-?op 92. The 
Q output of prime ?ip-?op 92 is connected to both J and 
K inputs of toggle ?ip-?op 93. The complemented 
clock input of toggle ?ip-?op 93 is connected to line 43 . 
to receive the VECTORCLOCK signal. The comple 
mented clear input of toggle ?ip-?op 93 is connected to 
the ALLCLEAR signal on line 99. The expected re 
sponse data is provided by the Q output of toggle ?ip 
?op 93. 

Similarly, the inverted inputs of NOR gate 98 are 
connected to the ALLCLEAR signal on line 99 and to 
the VECTORCLOCK signal on line 43. The output of 
NOR gate 98 is applied to the clock input of prime 
?ip-?op 94. The data input of prime ?ip-?op 94 is con 
nected to a logic one. The signal EPRIME on line 101 
is one of the six EPRIME lines of bus 91 decoded from 
driver/receiver control bus 34 and storage portion 82 
by enable decode circuit 89, and drives the clear input 
of prime ?ip-?op 94. The Q output of prime ?ip-?op 94 
is connected to both I and K of toggle ?ip-flop 96. The 
complemented clock input of toggle ?ip-flop 96 is con 
nected to line 43 to receive the VECTORCLOCK sig 
nal. The complemented clear input of toggle flip-?op 96 
is connected to the ALLCLEAR signal 99. The ex 
pected response enable is provided by the Q output of 
toggle flip-flop 96. 
The expected data and enable responses are applied 

to response compare section 41 along with measured 
response data from response bus 44. One bit of response 
bus 44 is associated with each of the channels of re 
sponse analysis circuit 38. This single bit contains actual 
response data from a single tester pin, and is referred to 
herein as a digital response pole. A comparison between 
the expected response data produced by toggle ?ip-?op 
93 and the actual response data appearing on the appro 
priate digital response pole of response bus 44 is per 
formed by EXCLUSIVE-OR gate 102. The output of 
EXCLUSIVE-OR gate 102 is applied, with the ex 
pected enable data produced by toggle ?ip-?op 96, to 
AND gate 103. Thus, the output of AND gate 103 is a 
digital comparison between actual response data and 
expected response data, as long as the expected enable 
bit is true. A comparison that fails produces a logic one 
output from AND gate 103. When the enable bit is false, 
the data comparison is ignored, and the result is the 
same as a comparison that passes (the output of AND 
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gate is a logic zero). In this way, the enable bit is used to 
qualify or ignore the actual response. 
Under control of the SELECTCOMPARE signal 

appearing on line 46, multiplexer 104 will choose either 
comparison data produced by AND gate 103 or actual 
response data from response bus 44 for application to 
register section 42. Register section 42 includes data 
register 106, AND gate 105, pass/fail latch 107, and one 
input to global fail OR gate 108, and is modi?ed under 
control of the MEASURECLOCK signal appearing on 
line 47. Data register 106 is a D-type register the output 
of which is connected to bus 22, and pass/fail latch 107 
is an R/S latch. The output of pass/fail latch 107 is 
applied to one input of six-input global fail OR gate 108, 
along with the outputs from the ?ve other pass/fail 
latches of the other response circuits on bus' 109, to 
produce a global fail indication. 
As can be seen from the above description of the 

physical attributes of the preferred embodiment of the 
present invention, there is no memory in the driver/ 
receiver channels, and all memory is centrally concen 
trated in the test vector processing circuit. As a result, 
vectors of great length can be created since vector 
lengths are not constrained by the length of channel 
memory. 
Each entry in change list memory 32 includes the 

address of a tester pin which is to be toggled and applied 
for stimulus, or a pin whose expected response is to 
toggle. FIG. 5A presents the data structure of entries in 
change list memory 32. The highest order bits, vector 
sequencer control bits CC within ?eld 111, de?ne the 
following functions for vector sequencer 13: OO-con 
tinue; OI-end of list (EOL);_ll-clock and continue; 10 
end of test (EOT). Enable and Data toggle ?ags, E & D 
in ?elds 112 and 113, respectively, control whether the 
enable or data portion of the relevant driver/receiver 
channel is to toggle. The state of Measure ?ag M in ?eld 
114 determines whether the toggle information affects 
the stimulus or the expected response of the relevant 
driver/receiver channel. If MEASURE ?ag M is false, 
the ENABLE and DATA bits govern the stimulus and 
the address bits are appropriately decoded by the dri 
ver/receiver channels. If the MEASURE flag M is true, 
the ENABLE and DATA bits govern the expected 
response and the address bits are appropriately decoded 
by map memory 36. Finally, the eleven least signi?cant 
bits in ?eld 116 contain the address of the tester pin 
corresponding to the particular entry in change list 
memory 32. Eleven address bits allow control of 2048 
channels. However, it will be understood that any num 
ber of address bits can be used to control any number of 
channels. FIG. 5B presents the structure of entries in 
pointer memory 33. 8-bit ?eld 117 allows the storing of 
actual response data for a vector test, and 24-bit ?eld 
118 contains a pointer to the corresponding entry in 
change list memory 32. ‘ 
FIGS. 6A-F present the data structure for driver/ 

receiver control bus 34. Referring to FIG. 6A, driver/ 
receiver control bus 34 includes a control strobe bit, S in 
?eld 119, and three data ?elds. The ?rst data ?eld, 121, 
contains only the measure bit MS. Field 122 contains 
the eleven pin address bits, and ?eld 123 contains eight 
instruction bits. The control strobe bit 5 is generated by 
driver/receiver control command 18, and de?nes when 
the address and instruction are valid. As previously 
mentioned, the mapping of internal bus 11 onto the data 
?elds of driver/receiver control bus 34 depends on bus 
master 28. - 
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As shown in FIGS. 6B and 6C, when sequencer 13 is 

bus master, sequencer 13 supplies bits 2-7 of instruction 
?eld 123. Address ?eld 122, and bits 0 and 1 of instruc 
tion ?eld 123 are supplied by change list memory 32 and 
are routed from data bus 22 of internal bus 11 onto 
driver/receiver control bus 34. In particular, bit D13 of 
internal bus 11 corresponds to the 13-bit in change list 
memory 32, bit D12 of internal bus 11 corresponds to 
the D-bit in change list memory 32, bit D11 of internal 
bus 11 corresponds to the M-bit in change list memory 
32, and bits D11-D10 of internal bus 11 correspond to 
the address bits in change list memory 32. 
When vector sequencer 13 is not the bus master, 

internal bus 11 controls all of the data ?elds as illus 
trated in FIG. 6D. Referring to FIG. 6D, address bit A6 
of address and control bus 23 of internal bus 11 supplies 
the MS bit, address bits A0-A5 of address and control 
bus 23 supply the six most signi?cant bits of tester pin 
address ?eld 122, data bits D8-D12 of data bus 22 sup 
ply the ?ve least signi?cant bits of ?eld 122, and data 
bits D0-D7 of data bus 22 supply the instruction bits of 
?eld 123. 
FIGS. 6E and 6F provide examples of instructions 

that may appear on driver/receiver control bus 34. 
FIG. 6B illustrates a DPRIME instruction, wherein the 
MS bit corresponds to the measure flag, and the C5 
indicate the driver/receiver address bits. The 1’s and O’s 
are the actual instruction de?nitions. For the K71. 
CLEAR instruction, shown in FIG. 6F, the X’s indicate 
bits that are irrelevant to the instruction. Regardless of 
the state of the MS bit or the tester pin address, all 
drivers are cleared by the ALLCLEAR instruction. 
The operation of the invention is realized through the 

execution of several pieces of software, described in 
detail with reference to FIGS. 7-12. The highest level 
of control is from PC 24 which contains software to 
format, edit and otherwise process the digital test vec~ 
tor sequences that are loaded to change list memory 32 
and pointer memory 33. The software within program 
memory 21 for microprocessor 12 accepts commands 
from PC 24, and controls the hardware to perform the 
requested actions. PC 24 can both send commands to 
microprocessor 12 and read from and write to all parts 
of RAM 16. Microprocessor 12 initially starts in a 
latched reset state, which is held until PC 24 has loaded 
the proper software into program memory 21, and has 
commanded bus master 28 to release microprocessor 12 
and to transfer control of internal bus 11 to micro 
processor 12, allowing microprocessor 12 to begin exe 
cution. Once microprocessor 12 has started, PC 24 can 
send commands to a FIFO memory within PC interface 
14. 
The operating program stored in program memory 

21 is a command dispatcher, and is illustrated in the 
flowchart of FIG. 7. Once the program has completed 
initialization steps 126, it enters a loop including process 
block 127 and decision block 128 wherein the status of 
the FIFO memory is continuously read. If a command 
is determined to be present, microprocessor 12 reads the 
l6-bit command word in step 129 which is split into two 
parts: 8 bits of data and 8 bits of instruction code. The 
instruction code is used in step 131 to branch to the 
appropriate service routine to process the requested 
action, for example, the running of a vector test, de 
scribed in detail below with reference to FIG. 12. 
Most of the FIFO commands to microprocessor 12 

result in a simple action of moving the data associated 
with the instruction code to a register within the hard 
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ware to perform an action. In other cases, an instruction 
code may require multiple reads and/or writes to regis 
ters within the hardware. All actions requested of mi 
croprocessor 12 that require a response back to PC 24 

12 
of the timer, and the status of the complete signal gener 
ated by the microprocessor in block 137. After one or 
the other is detected, control passes to block 142 where 
it is determined whether the timer had times out. If so, 

accomplish this by performing the requested action, 5 indicating that microprocessor 12 has not completed the 
saving the response in a speci?ed memory location requested action within the allotted time, control passes 
within program memory 21, and then interrupting PC to block 143 where the error in the operation of micro 
24 to indicate that the action has been completed. This processor 121 is processed. 
is shown in greater detail in the ?owchart of FIG. 8. If block 142 determines that the completion signal has 

Referring to FIG. 8, in block 132, a command is sent '10 been received from microprocessor 12, control passes 
from PC 24, and is received by FIFO memory within to block 144 where the time out time is cleared. Then, in 
PC interface 14 and recognized by microprocessor 12 in block 146, PC 24 reads that portion of program memory 
block 127. As mentioned above, blocks 127 and 128 21 set by microprocessor 12 in block 136 to determine 
together constitute a loop wherein FIFO memory is the status of the process. If, as determined by decision 
constantly monitored for instructions from PC 24. Once l5 block 147, the process is determined to be in error, the 
an instruction is received, the action is completed in error is processed in block 148. If decision block 147 
block 133, the response is recorded in program memory determines that there is no error in the process, control 
21 in block 134, and the process status, for example passes to block 149 where the response stored by micro 
pass/fail, is stored in program memory 21 in block 136. processor 12 in program memory 21 during the execu 
In block 137, microprocessor 12 signals PC 24 comple- 20 tion of block 134 is read by PC 24. 
tion of the requested action. Once the action is com- The data compression and memory conservation 
pleted, control passes back to block 127. advantages of the present invention are best illustrated 

Since PC 24 and microprocessor 12 run asynchro- with reference to a speci?c application. Referring to 
nously, and since several commands may have stacked Table I, a test for a custom device having 44 accessible 
up in the FIFO memory of PC interface 14, a time out 25 nodes or test points is presented. The test sequence 
is used by PC 24 while microprocessor 12 is performing includes a total of 104 individual vectors, each of which 
the requested action. In particular, when PC 24 sends a is 44 pins wide. Table 1 lists the complete vector ?le 
command in block 132, it starts a time out timer in block used to test the device, and contains an entry for each of 
138. Blocks 139 and 141 continuously monitor the status the 44 pins for each of the 104 vectors. 

TABLE I 
COMPLETE VECTOR FILE 

Pin Number 
1 1o 20 30 4o 44 

Vector Number ]-----|———--|-—-—--|---|--] 

0 zxxxxxLxxzzxxzzzzzzxxxxxxxxxxxxxxxxxxxxxxxxx 

l ZXXXXXHXXZZXXZZZZZZXXXXXXXXXXXXXXXXXXXXXXXXX 
2 ZXXXXXl-IXXZHXXLHLLLZLLHXLLLHLXXXXXXXXXXXXXXXX 
3 ZXXXXXHXXZHXXLHLLHZLLHXLLLHXXXXXXXXXXXXXXXXX 
4 ZXXXXXHXXZHXXLLLLHZLLHXLLLHLXXXXXXXXXXXXXXXX 
5 HXXXXX'HXXZHXXLLLLHZLLHXLLLHLXXXXXXXXLHLHLXHL 
6 HXXXXXHXXZHXXLLLLHZLLHXLLLHLXXXXXLXXLHLHLXHL 
7 HXXXXXHXXZHXXLLLLHZLLHXLLLHLXXXXXl-IXXLHLHLXHL 
8 HXXXXXHXXZHXxLLLLHLLLHxLLLHLxxxxxHXxLHLHLXl-IL 
9 HXXXXXHXXZHXXLLLLHLDUDXUDUDUXXXXXHXXLHLHLXHL 
10 HXXXXXHXXZHXXLLLLHHXXXXXXXXXXXXXXHXXLHLHLXHL 

LXXXXXHXXZHXXLLLLHHXXXXXXXXXXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXLLLLHHXXXXXXXXXXXXXXLXXHLHLHXLH 
LXXXXXHXXZHXXLLLLHHXXXXXXXXXXXXXXHXXI-ILHLHXLH 
LXXXXXHXXZHXXLLLLHLXXXXXXXXXXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXLLLLHLUDUXDUDUDXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXLLLHHLXXXXXXXXXXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXLLLHHHXXXXXXXXXXXXXXHXXHLHLHXLH 
LXXXXXLXXZHXXLLLHHHXXXXXXXXXXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXLLLHHHXXXXXXXXXXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXLHLLLHLLLXLLLLLXXXXXHXX‘HLHLHXLH 
LXXXXXHXXZHXXLHLLHHLLLXLLLLLXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXHLLLLHLLLXLLLHLXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXHLLLHHLLLXLLLHLXXXXXHXXHLHLHXLH 
LXXXXDHXXZHXXHLLLHHLLLXLLLHLXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXHLLLHHLLLXLLLHLXXXXXHXXHLHLHXLH 
LXXXXXHXXZHXXHLLLLHLLLXLLLLLXXXXXI-DKXHLHLHXLH 
LXXXXXHXXZHXXHLLLHHLLLXLLLLLXXXXXHXXHLHLHXLH 
LXXXXUHXXZHXXHLLLHHLLLXLLLLLXXXXXHXXHLHLHXLH 
LXXXXUHXXZHXXHLLLLHLLLXLLHLLXXXXXHXXHLHLHXLH 
LXXXXUHXXZHXXHLLLHHLLLXLLHLLXXXXXHXXHLHLHXLX 
LXXXDUHXXZHXXHLLLHHLLLXLLHLLXXXXXHXXHLHLHXLH 
LXXXXUHXXZHXXHLLLHHLLLXLLHLLXXXXXHXXHLHLHXLH 
LXXXXUHXXZHXXHLLLLHLLLXLLLLLXXXXXHXXHLHLHXLH 
LXXXXUHXXZHXXHLLLHHLLLXLLLLLXXXXXHXXHLHLHXLH 
LXXXUUHXXZHXXHLLLHHLLLXLLLLLXXXXXHXXHLHLHXLH 
LXXXUUHXXZHXXHLLLLHLLLXLHLLLXXXXXHXXHLHLHXLH 
LXXXUUHXXZHXXHLLLHHLLLXLHLLLXXXXXHXXHLHLHXLH 
LXXDUUHXXZHXXHLLLHHLLLXLHLLLXXXXXHXXHLHLHXLH 
LXXXUUHXXZHXXHLLLHHLLLXLHLLLXXXXXHXXHLHLHXLH 
LXXXUUHXXZHXXl-ILLLLHLLLXLLLLLXXXXXHXXHLHLHXLH 
















